A Serpulina (Treponema) hyodysenteriae expression library was constructed in vector AZAP and screened with a polyclonal antiserum raised against S. hyodysenteriae periplasmic flagella. A The spirochete Serpulina (Treponema) hyodysentenae is the etiologic agent of swine dysentery. The disease occurs primarily in pigs between 8 and 16 weeks of age (10, 29).
After infection with S. hyodysenteriae, pigs frequently develop mucohemorrhagic diarrhea, which results in dehydration, emaciation, rapid weight loss and, in severe cases, death (1) . S. hyodysenteriae possesses two bundles of periplasmic flagella that are attached subterminally to the ends of the protoplasmic cylinder and overlap each other in the middle. The flagella are completely contained within the outer envelope and are essential for motility (5) . They may hence be an important virulence factor. Natural immunity against swine dysentery has been demonstrated in convalescent animals (15) , and partial resistance to the disease can be induced by vaccination (8, 9, 24, 25) . Although the mechanism of protection is unknown, the results of some studies suggest that (part of) the protective immune response is directed against a flagellar protein.
Studies with sera from convalescent pigs and pigs protected by vaccination revealed a predominant humoral response to a group of proteins of 29 to 45 kDa that is conserved among serotypes (6) . These proteins are probably components of the flagella (17) . Furthermore, Boyden et al. (2) showed that a cloned flagellar protein of S. hyodysentenae was protective in a mouse model of swine dysentery.
The flagella of S. hyodysenteriae consist of multiple proteins (17) . We report here the cloning and DNA sequence analysis of the gene encoding the largest flagellar protein of S. hyodysenteriae C5 and show that this protein is on the sheath of the periplasmic flagella.
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MATERIALS AND METHODS
Bacterial strains and culture conditions. S. hyodysentenae C5 is a hemolytic Dutch field isolate originating from the colon of a pig severely affected by swine dysentery and was cultured at 40°C in an anaerobic hood by use of either 250 ml of Trypticase soy broth supplemented with 10% fetal calf serum, 0.05% RNA core type IIC from Candida utilis (Sigma Chemical Co., St. Louis, Mo.), and 400 ,ug of spectinomycin per ml or Trypticase soy agar (Becton Dickinson, Cockeysville, Md.) plates supplemented with 10% sheep blood, 400 ,ug of spectinomycin per ml, and 0.06% yeast extract (Oxoid, Basingstoke, England). Escherichia coli Y1090 (35) was used for library construction and screening. E. coli DH5aF' (Bethesda Research Laboratories Life Technologies, Inc., Gaithersburg, Md.) was used as the recipient for plasmid transformations. E. coli was grown in LB medium or on LB agar plates (28) .
Isolation of periplasmic flagella. Bacterial cultures (250 ml) containing 10 bacteria per ml were harvested by centrifugation at 15,000 x g for 30 min at 4°C and washed once with phosphate-buffered saline (PBS; 0.14 M NaCl, 2.7 mM KCl, 0.01 M Na2HPO4, 1.76 mM KH2PO4 [pH 7.3]). Pellets were suspended in 20 ml of PBS, and outer envelopes were removed by the addition of 10% sodium dodecyl sulfate (SDS) to a final concentration of 0.1% and incubation of the suspensions for 30 min at room temperature with gentle shaking. The organisms were collected by centrifugation at 25,000 x g for 30 min at 4°C and resuspended in PBS. Periplasmic flagella were removed from the cells by shearing in a blender for 10 min. Pauses in which the suspensions were cooled on ice to prevent overheating of the samples were included. Periplasmic flagella were separated from the bacterial bodies by collective pelleting of the latter at 30 SDS-PAGE and immunoblotting (Western blotting). Proteins were separated by 12.5% SDS-polyacylamide gel electrophoresis (PAGE) as described by Laemmli (20) and visualized by Coomassie brilliant blue R-250 staining. Molecular weights were estimated by comparison with lowmolecular-weight markers (Pharmacia, Uppsala, Sweden). After electrophoretic transfer to nitrocellulose filters (30) , proteins were reacted with antiserum and bound antibodies were visualized with alkaline phosphatase-conjugated secondary antibodies by development in Nitro Blue Tetrazolium (0.37 mM)-5-bromo-4-chloro-3-indolyl phosphate (0.34 mM) solubilized in 100 mM Tris-HCl-100 mM NaCl-5 mM MgCl2 (pH 9.5).
DNA and cloning techniques and screening of the genomic library. Unless stated otherwise, standard cloning procedures were used for all DNA manipulations (28 Double-stranded DNA sequencing was done with the T7 sequencing kit from Pharmacia in accordance with the manufacturer's instructions. As a template, either CsClpurified plasmid DNA or DNA amplified by the polymerase chain reaction (PCR) and subsequently purified with Gene Clean was used.
PCR DNA amplification was performed with Taq polymerase (Promega) in accordance with the instructions of the manufacturer. Each PCR cycle consisted of 1 min at 95°C, 1 min at 48°C, and 2 min at 72°C. For amplification of a DNA fragment containing the entire sheath flagellin gene and its regulatory sequences, the T7 primer was used in combination with oligonucleotide A (5'-CCGCJTJCCTCCTGAGC-3'), derived from partial sequence data obtained from DNA upstream of the flagellin gene (see Fig. 3 ).
In vitro transcription and translation of DNA were performed with linear DNA purified from agarose gels with Computer analysis of DNA sequences. Nucleotide sequences were analyzed with the PC/Gene computing programs (release 6.50; Genofit S.A., Geneva, Switzerland). The FASTA program, release 1.3 (21, 26) , was used to compare nucleotide and amino acid sequences with the following data bases: EMBL (release 27.0), GenBank (release 67.0), NBRF/PIR (release 28.0), Swiss-Prot (release 18.0), and Brookhaven (release 4.0). Homologous sequences were aligned with the Clustal computer program (11, 12) (Fig. 1) . The synthesis of immunoreactive proteins did not require isopropyl-D-,3-thiogalactopyranoside (IPTG) (Fig. 1, lanes A and B) purified from rabbit immune serum and used to probe Western blots of purified S. hyodysenteriae periplasmic flagella (Fig. 1, lane C) . The affinity-purified antibodies bound strongly to the 44-kDa protein and weakly to the 35-kDa protein present in the periplasmic flagellar preparations.
In Fig. 3 . The nucleotide sequence was determined directly from the PCR products purified from agarose gels, instead of from subcloned PCR products, to avoid PCR- cleaved from the flagellin before assembly onto the flagella. Indeed, the 19 N-terminal amino acid residues have the characteristics of a signal peptide (31, 32 
Homology analysis of the S. hyodysenteriae flagellin. A comparison of both the nucleotide and the deduced amino 120 acid sequences of the cloned S. hyodysenteriae flagellin gene with the sequences present in the data bases revealed 180 significant homology between the S. hyodysenteriae flagellar sheath protein and the flagellar sheath proteins of Treponema pallidum (13, 14) and Spirochaeta aurantia (4) 240 but not other flagellar proteins. The alignment of the amino acid sequence of the S. hyodysentenae flagellin with those of 300 these sheath flagellins is shown in Fig. 5 the situation in other bacterial flagellar proteins. The G+C content of the flaA gene is 36%, a value slightly higher than the overall G+C contents of 28.5 to 30% reported for the S. hyodysenteriae genome (7) . As expected in an organism with such a low G+C content, codon usage shows a strong bias for codons with A or T in the second (62%) and third (81%) positions. Upstream from the coding region, sequences similar to E. coli -35 and -10 promoter sequences and a ribosome binding site are present. Downstream from the termination codon, two inverted repeats that may serve as a transcription terminator are present (Fig. 4) .
DISCUSSION
The periplasmic flagella of S. hyodysenteriae C5 are composed of multiple proteins (17) . We isolated the gene encoding the largest flagellar protein when screening an S. hyodysenteniae expression library with an antiserum against purified periplasmic flagella of S. hyodysenteriae C5. DNA data base searches revealed significant homology of the encoded protein with the flagellar sheath proteins of T.
pallidum (13, 14) and S. aurantia (4) but not with other flagellar proteins, indicating that the cloned S. hyodysentenae gene encodes a sheath flagellin. In accordance with the nomenclature used for other spirochetal sheath flagellins (3, 13, 23), the gene was designatedflaA and the protein that it encodes was designated FlaA. Nucleotide sequence analysis showed that flaA encodes a protein of 320 amino acid residues. A signal peptide of 19 amino acids is cleaved from the flagellin before assembly onto the flagella. The calculated molecular mass of the flagellin without its signal sequence is 33.8 kDa, whereas the molecular mass of the flagellin in flagellar preparations is 44 kDa, as determined by SDS-PAGE. The discrepancy between the calculated molecular mass of the protein and its apparent mobility in SDS-PAGE may be the result of aberrant migration of the protein on SDS-polyacrylamide gels. Alternatively, the native protein may be posttranslationally modified, as described for flagellar proteins from a number of bacteria (16, 22, 33 HFPLMWNSYALVKPVYELEMYGGADGT currently investigating potential posttranslational modifications of the S. hyodysentenae FlaA flagellar sheath protein.
Estimates from SDS-PAGE profiles of the total protein content of S. hyodysenteriae indicated that the flagellar proteins make up 5 to 10% of the total protein content. Therefore, the corresponding genes must be expressed at a high level. Upstream from theflaA gene, sequences that are similar to a consensus ribosome binding site and putative E. coli -35 and -10 promoter sequences were identified. Accordingly, the gene is expressed in E. coli. Downstream from the TAA stop codon, two self-complementary sequences that may serve as a potential termination signal are present (27) . DNA hybridization studies demonstrated that the S. hyodysenteriae genome contains only one copy of the flaA gene and no detectable homologs.
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